Abstract: The majority of Mycosphaerella species from eucalypts (Eucalyptus, Corymbia and Angophora)
INTRODUCTION
The family Myrtaceae incorporates a large number of tree genera, including Eucalyptus, Corymbia, Angophora and Syncarpia. More than 700 species are accommodated in these four genera, the majority endemic to Australia (Pryor and Johnson 1971, Boland et al 1992) , and they are the dominant tree species over most of the Australian landscape. Many species of Eucalyptus and Corymbia are grown widely in Australia and elsewhere for commercial purposes and as amenity trees, while Syncarpia is commercially important in eastern Australia.
More than 500 species of leaf-infecting fungi have been recorded from eucalypts (including the genera Eucalyptus and Corymbia) (Sankaran et al 1995) . Aulographina eucalypti (Cooke & Massee) Arx & E. Mü ll. and species of Cylindrocladium Morgan, Mycosphaerella Johansen and its associated anamorphs are considered to be the most common and numerous (Park et al 2000) . Some of these fungi are serious pathogens, particularly of plantation-grown Eucalyptus spp. In this regard these fungi threaten the economic viability of paper and pulp industries based on fiber from these trees.
More than 60 species of Mycosphaerella have been described from eucalypts in Australia and elsewhere (Park and Keane 1982 , Carnegie and Keane 1994 , 1998 , Crous 1998 , Maxwell et al 2003 , Crous et al 2004 , 2007 , Burgess et al 2006 . Most of these have been described from plantations but have not been found in native forests. This is not surprising because most studies on Mycosphaerella in Australia in the past two decades have concentrated on eucalypt plantations (e.g. Park 1984 , Carnegie 1991 , 2000 , Maxwell 2004 , Barber 2005 , Milgate 2005 ). Only three species are commonly found in native forests in Australia: M. cryptica, which occurs on many hosts, the anamorph of M. swartii (Sonderhenia eucalyptorum [Hansf.] H.J. Swart & J. Walker), which occurs on several hosts, and M. nubilosa on E. globulus (Park et al 2000, Carnegie pers obs) .
More than 20 species of Pseudocercospora Deighton also have been described from Eucalyptus spp. (Crous et al 1989 , Crous 1998 , Yuan et al 2000 , Braun and Dick 2002 , Crous et al 2004 , 2007 , Hunter et al 2006 , the majority of which are known only from countries other than Australia. Many of these have been linked to Mycosphaerella teleomorphs (e.g. Crous 1998 , Burgess et al 2007 and others are known to be linked to this genus based on phylogenetic inference (Crous et al 2001 (Crous et al , 2004 . A number of other species of Pseudocercospora currently are being described as a result of detailed studies of this genus in Australia (V. Beilharz unpubl). Of the numerous species of Pseudocercospora detected on Eucalyptus in countries outside Australia, only two species, found in New Zealand, are known to occur in Australia: P. subulata Z.Q. Yuan, D. de Little & C. Mohammed (as P. pseudobasitruncata U. Braun & M. Dick) and P. crousii U. Braun & M. Dick. Pseudocercospora subulata occurs on E. nitens in both countries, while P. crousii, found on a number of Eucalyptus spp. including E. regnans in New Zealand, has been identified on E. regnans in eastern Australia. Only P. eucalyptorum however is considered a significant pathogen of eucalypts. It occurs mostly in Eucalyptus plantations (Crous et al 1989 , Park et al 2000 and is not known in Australia.
Twelve foliar fungi have been identified from Syncarpia, most from single collections, and lodged in Australian herbaria (www.planthealthaustralia. com.au). Few species of foliar fungi have been described from Angophora (Park et al 2000) and only 10 are lodged in Australian herbaria (www. planthealthaustralia.com.au). In a detailed study of the then seven species of Mycosphaerella and related anamorphs from Myrtaceae, excluding Eucalyptus, Crous (1999) did not report any species from Syncarpia and only one species, M. angophorae Hansf., was described from Angophora. One other species has been reported from Myrtaceae, namely M. melaleucoides Sivan. & R.G. Shivas, from native Melaleuca in Queensland (Sivanesan and Shivas 2002) .
Because of the bias of surveys toward Eucalyptus spp. in plantations, and thus the large number of identified species from this artificially established environment, the first author has made a purposeful effort to survey the species of Mycosphaerella in native forests of eastern Australia. This has revealed several undescribed species of Mycosphaerella and their anamorphs that are found in both native forests and plantations. The aim of this study is to provide names for these fungi and to discuss their relative significance.
MATERIALS AND METHODS
Sample collection.-Samples of diseased leaves were collected from various eucalypt plantations and native forests throughout eastern Australia over several years. These were placed in paper bags, pressed and kept cool during transportation back to the laboratory, where they were stored at 4 C.
Examination of samples and isolation from samples.-Lesion characteristics, including size and color, were recorded for each fungal species on each host. Pseudothecia were removed from diseased leaves and mounted in ammoniacal Congo red, lactic acid or acid fuchsin, squashed under a cover slip and examined with a compound microscope. Thin sections through pseudothecia were examined in a similar manner. Ascospore germination patterns were observed by excising mature pseudothecia from lesions on fresh leaves and attaching these to the undersides of 90 mm Petri dish lids with double-sided tape. The lesions were moistened for up to 2 h, blotted dry, then inverted over 2% malt-extract agar (MEA) in the Petri dish base and placed on a laboratory bench at room temperature for 24 h. Slabs of agar were cut from the dishes after 24 h, placed on a microscope slide, stained with ammoniacal Congo red, covered with a cover slip and examined with a compound microscope. Ascospore germination Type (A-N) was described following the definitions of Crous (1998) . Further agar slabs were observed after 12 h and 36 h so that variation in germination patterns could be observed over time.
Germinating ascospores were removed from MEA plates with a sterile needle, transferred to fresh Petri dishes containing 2% MEA and incubated in the dark at 25 C (single-spore cultures). Plates were examined at weekly intervals and linear growth determined after 1 mo. Culture color was rated with the aid of color charts (Kornerup and Wanscher 1983) . Mycelium was removed with a sterile needle from the edges of single spore cultures, replated on carnation leaf agar (CLA) and incubated under continuous near-ultraviolet light at room temperature. Plates were examined for the presence of anamorphs at weekly intervals or until 3 mo. Specimens and cultures used in this study are kept at herbaria DAR (Orange Agricultural Institute, Orange, NSW, Australia), VPRI (Victorian Department of Primary Industries, Knoxfield, Australia) and NSWF (State Forests of NSW, Sydney, Australia), with ex-type cultures also lodged at Centraalbureau voor Schimmelcultures (CBS).
Molecular phylogenetic characterization.-For each isolate approximately 50 mg of fungal mycelium was scraped from the surface of 21 d old cultures, ground with a glass rod, suspended in 200 mL of DNA extraction buffer (200 mM Tris-HCL pH 8.0, 150 mM NaCl, 25 mM EDTA, 0.5% SDS) and incubated 1 h at 70 C. DNA was purified with the UltrabindH DNA purification kit according to the manufacture's instructions (MO BIO Laboratories, Solana Beach, California). A part of the internal transcribed spacer (ITS) region of the ribosomal DNA operon was amplified with the primers ITS-1F (59CTTGGTCATTTAGAGGAAGTAA) (Gardes and Bruns 1993) and ITS4 (59TCCTCCGCTTATT-GATATGC) (White et al 1990) . The PCR reaction mixture (25 mL), PCR conditions and visualization of products were as described by Burgess (et al 2001) except that 1 U of Taq polymerase (Biotech International, Needville, Texas) was used in each reaction. PCR products were cleaned with UltrabindH DNA purification kit (MO BIO Laboratories). Products were sequenced with the BigDye terminator cycle sequencing kit (PE Applied Biosystems, Foster City, California) with the same primers that were used in the initial amplification. The products were separated with an ABI 3730?48 capillary sequencer (Applied Biosystems) using a BioRad Biofocus 2000 capillary gel electrophoresis system.
To compare Mycosphaerella isolates in this study with other Mycosphaerella spp., ITS rDNA sequences obtained from GenBank, including isolates used in recent studies (Burgess et al 2006 , Cortinas et al 2006 , Crous et al 2006 , Crous et al 2004 , Crous et al 2001 , Maxwell et al 2003 , were used in the phylogenetic analysis (culture number, identity and GenBank number are available at TreeBASE SN3238). ITS trees were rooted with Neofusicoccum ribis as outgroup taxon.
Sequence data were analysed with Sequence Navigator version 1.0.1 TM (Perkin Elmer Corp. Foster City, California) and manually aligned by inserting gaps. Gaps were treated as a fifth character; all ambiguous characters and parsimony uninformative characters were excluded before analysis. The most parsimonious trees were obtained with heuristic searches with random stepwise addition in 100 replicates, with the tree bisection-reconnection branch-swapping option on and the steepest-descent option off. MAXTREES were unlimited, branches of zero length were collapsed and all multiple equally parsimonious trees were saved. Estimated levels of homoplasy and phylogenetic signal (retention and consistency indices) were determined (Hillis and Huelsenbeck 1992) . Branch and branch node supports were determined with 1000 bootstrap replicates (Felsenstein 1985) .
RESULTS
Phylogenetic analyses.-A BLAST search was first conducted on GenBank to compare the ITS sequences for the Mycosphaerella spp. collected in this study (TABLE I) with those for existing species that have been lodged in GenBank. The four purported new species were closely related to but different from currently described Mycosphaerella spp. The sequence for these species then was compared with other Mycosphaerella spp. isolated from eucalypts. Due to the large number of species, two separate analyses were conducted, both containing representative isolates from the different phylogenetic lineages in Mycosphaerella (Burgess et al 2006 , Crous et al 2006 . The first aligned dataset, concentrating on the 'nubilosa clade', consisted of 572 characters of which 191 were parsimony informative. The dataset contained significant phylogenetic signal compared to 1000 random trees (P , 0.01, g1 5 21.33). Heuristic searches in PAUP resulted in one most parsimonious tree of 582 steps (CI 5 0.59, RI 5 0.79) (FIG. 1, TreeBASE SN3238-13881) . Two of the new Mycosphaerella spp. treated in this study were found in strongly supported (100% bootstrap) terminal clades and appeared to be distinct from all known related Mycosphaerella spp. Mycosphaerella sp. from Syncarpia and Mycosphaerella sp. from Angophora are most similar primarily to each other, although bootstrap analysis does not support subgroupings within the 'nubilosa clade' (FIG. 1) The second aligned dataset, concentrating on species with Pseudocercospora anamorphs, consisted of 586 characters of which 172 were parsimony informative. The dataset contained significant phylogenetic signal compared to 1000 random trees (P , 0.01, g1 5 20.57). Initial heuristic searches of unweighted characters in PAUP resulted in 1000 most parsimonious trees of 676 steps (CI 5 0.51, RI 5 0.73). Characters were weighted according to the CI (32 characters had a weight of 1, 140 a weight of ,1) and subsequent heuristic searches resulted in 30 most parsimonious trees of 348 steps (CI 5 0.60, RI 5 0.78). (FIG. 2, TreeBASE SN3238-13882) . Mycosphaerella sp. from E. moluccana resided in a strongly supported (100% bootstrap) terminal clade. Compared to other Pseudocercospora anamorphs, which are closely related to each other, this species differed by at least 12 steps (FIG. 2) . Mycosphaerella spp. associated with wasp galls on E. biturbinata was related to but different from M. citri, which is not known to be a pathogen of Eucalyptus, M. obscures, which was isolated from eucalypts in southeastern Asia, and an undescribed Mycosphaerella sp. (FIG. 2) .
Based on DNA sequence comparisons the four Mycosphaerella spp. found in this study clearly represent discrete taxa. These fungi also could be discriminated from species to which they are most closely related with morphological characteristics. We therefore describe them as new in the following taxonomic treatments. nov.
FIGS. 3-8 MycoBank MB500742
Anamorph: Pseudocercospora sp.
Etymology. Referring to the mounded shape of the culture (tumulosus, mounded).
Mycosphaerella marksii subsimilis, differt ascosporis grandioribus 15-19 3 4.5-5 mm (M. marksii 11-16 3 2-3 mm) et cum cellvla apicali asymmetrica rariore, etcoloniis in agaro tardioribus crescentibus (M. tumulosa 9-12 mm, M. marksii 24-29 mm, post mensam unam).
Pseudocercosporae crousii subsimilis sed conidiis minus obclavatis, conidiophoris simplicibus plerumque irregularibus et brevioribus (conidiophora in P. tumulosa 26-60 mm longa, in P. crousii 5-100 mm longa) differt.
Leaf spots amphigenous, subcircular to irregular, 2-15 mm diam, single to confluent, beginning as irregular chlorotic blotches, turning carmine-red before necrosis, slightly raised and corky, yellow-brown to red-brown on the abaxial surface, medium brown to gray-brown on the adaxial surface, becoming graybrown to gray with age, especially in center, maturation of leaf spot often not even, with irregular margins and red-brown border 1 mm wide, often with diffuse chlorotic and red-brown to purple halo surrounding leaf spot. Pseudothecia amphigenous, predominantly epigenous, single, dispersed to occasionally aggregated, subepidermal becoming erumpent, black, globose, 95-120 mm. Asci fasciculate, bitunicate, ovoid to narrowly ellipsoidal, straight or curved, 8-spored, (40-)45-65(-81) 3 (10-)11-15(-17) mm. Ascospores 2-3-seriate, overlapping, narrowly clavate to fusoidellipsoidal, straight to slightly curved, hyaline, basal end obtuse, apical end prominently tapered, apical cell occasionally asymmetrical, widest at midpoint of apical cell, medianly 1-septate, not constricted at septum or slightly so, 15-19 3 4.5-5.5 mm.
Sporulation amphigenous, mostly hypogenous, seen as inconspicuous light brown fascicles and external mycelium on the abaxial surface, and occasionally as dense erumpent sporodochia on the adaxial surface. Primary mycelium internal; secondary mycelium external, superficial. Immersed hyphae intercellular, pale olivaceous, smooth, septate, branched, irregular in diameter, 2-4.5 mm wide. Superficial hyphae pale to medium olivaceous brown, septate, branched, smooth, developing from the bases of caespituli, 2-3 mm diam and bearing erect lateral conidiogenous cells 42-70 mm long 3 5.5 mm wide. Conidiophores solitary or up to 12, caespitose, initially arising from a few olivaceous hyphae in the substomatal cavity but occasionally seen borne on cells of the outer cell layer of ascomata of the teleomorph, which have developed in the substomatal cavities, mildly divergent or erect, pale to medium olivaceous brown, pale to hyaline at the growing apex, 6cylindrical or of irregular diameter, often slightly swollen near the apex, straight, curved or occasionally bent, sometimes 1-branched, smooth throughout or somewhat roughened toward the apex, anastomosing, 0-8-septate, (26-)40-60 mm long 3 4.5-6 mm wide. Conidiogenous cells terminal, integrated, pale olivaceous brown, smooth to slightly rough, straight to mildly geniculate or sinuous, often slightly swollen toward the apex before attenuating markedly toward the conidiogenous locus, (8-)19-32 mm long 3 4-5 mm wide. Conidiogenous loci 1-3, left on short pegs after enteroblastic sympodial proliferation of the conidiogenous cell, not darkened, not thickened, nonrefractive, 1-2 mm diam. Conidia solitary, pale olivaceous to subhyaline, smooth to faintly verruculose, straight or slightly curved, narrowly obclavate or subulate to 6cylindrical, often variable in diameter, gradually attenuating to a subobtuse or subacute apex and more abruptly to an obconically or narrowly obclavate, subtruncate or truncate base, anastomosing, 3-7-septate, (31-)50-80(-95) mm long 3 3.5-4.5 mm wide. Conidiogenous loci and hila not darkened, not thickened, nonrefractive, 1-2(-2.5) mm diam.
HOLOTYPES Ascospore germination on MEA after 24 h. Germ tubes grow from both ends, initially parallel to the long axis of the spore, often becoming sigmoidal, occasionally with a third or fourth germ tube emanating obliquely from the basal or apical cell or from either germ tube; ascospores do not darken or become distorted but become prominently constricted; length of ascospore plus both germ tubes Variation in germination patterns of M. tumulosa was observed between 12 h, 24 h and 36 h periods. At 12 h germ tubes grew parallel to the long axis of the spore, often becoming sigmoidal, with no secondary germ tubes; the length of spore plus two germ tubes was (51-)64-102(-124) mm. At 24 h most germ tubes were obviously sigmoidal and the length of spore plus germ tubes was (96-)130-150(-165) mm. A small proportion of ascospores also had started to produce up to two secondary germ tubes, which emanated obliquely from the basal or apical cell or from either germ tube. At 36 h most ascospores had produced two or three secondary germ tubes and were distorted, and the length of the ascospore plus original germ tubes was mostly greater than 178 mm.
Cultures. Single ascospore colonies grew slowly on MEA, reaching 9-12 mm diam after 1 mo, with a mound of light gray (2D1) aerial hyphae and an outer edge (1-2 mm wide) of olive-gray (2F2) aerial hyphae; submerged hyphae dark gray to black; readily producing conidiophores of the Pseudocercospora anamorph in culture after 1 mo on CLA. Single conidia formed in single ascospore cultures, and single conidia produced in Pseudocercospora colonies growing in situ in close association with the teleomorph on the leaf surface, were germinated and grown on PDA 3 wk at 25 C in 12 h dark/12 h fluorescent light. The cultures were compared based on DNA sequences with the methods of Beilharz and Cunnington (2003) and were found to be of the same fungus, thus confirming the anamorph-teleomorph connection.
Hosts. On living leaves of E. moluccana, E. tereticornis, E. amplifolia, Eucalyptus sp., Corymbia variegata, E. acmenoides, E. seeana. Known distribution. Australia, eucalypt plantations and native forests in New South Wales and southeastern Queensland; relatively common but not damaging.
Notes. Mycosphaerella tumulosa was found on several Eucalyptus and Corymbia species in plantations as well as on species of Eucalyptus in native forests in New South Wales and southeastern Queensland. It is not considered a significant pathogen in plantations or native forests, although individual trees can be heavily infected. Although distinguishable from other Mycosphaerella species on eucalypts it most closely resembles M. marksii Carnegie & Keane in having an apical cell that is occasionally asymmetrical (Carnegie and Keane 1994) . However ascospores of M. marksii are smaller (11-16 3 2-3 mm) than those of M. tumulosa (15-19 3 4.5-5.5 mm), and cultures of M. marksii are faster growing (24-29 mm diam) than those of M. tumulosa (9-12 mm). Also M. marksii more commonly has ascospores with an asymmetrical apical cell while in M. tumulosa this is less common.
There are several species of Mycosphaerella from Eucalyptus with Pseudocercospora anamorphs (Crous 1998 species of Pseudocercospora from Eucalyptus spp. do not have a known teleomorph (Crous 1998 , Braun and Dick 2002 , Hunter et al 2006 Mycosphaerellae vespa subsimilis sed tubis germinationibus duobus ascosporae extremis orentibus et cum tubis germinationibus secondariis usque ad quatuor (in M. vespa tubis germinationibus ascosporis duobus, rarior tribus) differt.
Leaf spots amphigenous, subcircular, 3-7 mm diam, single, yellow-brown with thin red-brown to purple margin, associated with wasp gall, often with raised center and empty gall, wasp pupae rarely evident but exit hole often observed on abaxial surface of lesion. Pseudothecia amphigenous, more prominent on abaxial surface, single to aggregated, often more numerous around center of lesion, immersed to occasionally erumpent, black, globose, 75-125 mm diam. Asci bitunicate, fasciculate, subsessile, obclavate to fusoid-ellipsoidal, 8-spored, (40-)48-60 3 12.5-15 mm. Ascospores 2-3-seriate, fusoid with obtuse ends, slightly tapered to basal end, slightly constricted or not so, widest in middle of apical cell, straight, (10.5-)11.5-13.5(-14.5) 3 3-4 mm.
HOLOTYPE: AUSTRALIA: NEW SOUTH WALES: Urbenville, Reid Plantation, native regeneration within plantation boundary, on living leaves of E. biturbinata, 14 Apr 2005, A.J. Carnegie (DAR 77432, culture ex-type DAR 77432 5 CBS 121159).
Ascospore germination on MEA after 24 h. GermiGerminates with two germ tubes from the apices roughly parallel to the long axis of the spore, mostly with secondary germ tubes (up to four) from the spore or primary germ tubes, which are mostly shorter than the primary germ tubes; spore becomes prominently constricted and slightly distorted, especially if secondary germ tube emanates from the spore, spore not darkening; length of ascospore and primary germ tubes at 24 h: 60-150 mm. This germination pattern is a combination of Type D and Type I described by Crous (1998) .
Cultures. Cultures grow 25-30 mm diam in 1 mo, with olive-brown (4D8) to yellowish-brown (5E8) submerged hyphae, and olive-brown (4D8) to yellowbrown (5E5) aerial hyphae, the center slightly raised.
Host. E. biturbinata.
Known distribution. Native forest in NSW, Australia; rare.
Notes. Mycosphaerella pseudovespa is morphologically similar to M. vespa (Carnegie and Keane 1998) . Both are associated with wasp galls and small leaf spots with red-brown margins. The distribution of pseudothecia on the surface of lesions is also similar in these two species. Although the ascospores of M. vespa are more commonly constricted than those of M. pseudovespa, the sizes of these two species are similar and there is overlap of ascospore morphology. The main difference is in ascospore germination patterns: M. pseudovespa commonly produces secondary germ tubes, with up to four germ tubes common, whereas M. vespa commonly produces two germ tubes and less commonly produces a third germ tube. These two species also reside in separate phylogenetic clades. Recent research has shown that M. vespa and M. molleriana represent the same taxon and M. vespa has been synonimised with M. molleriana (Hunter et al 2006) .
nov. FIGS. 14-18 MycoBank MB500746 Anamorph: Not seen.
Etymology. Named after host. an irregular margin, 4-12 mm diam, red-brown on the adaxial and yellow-brown on the abaxial surface, often associated with leaf distortion and often cracking. Pseudothecia amphigenous, predominantly epiphyllous, immersed to erumpent, scattered, black, globose, 55-88 mm. Asci bitunicate, fasciculate, ovoid to ellipsoidal, straight or curved, 8-spored, 48-59 3 10-13 mm. Ascospores bi-to multiseriate, overlapping, narrowly clavate, with obtuse ends, tapering toward basal end, not constricted at median septum or only slightly so, widest in middle of apical cell, hyaline, 15-18 3 3.5-5 mm.
HOLOTYPE Ascospore germination on MEA after 24 hr. Germ tubes grow from both ends parallel to the long axis of the spore, spore not darkening or distorting but becoming prominently constricted; length of ascospore plus both germ tubes after 24 h (120-)165-216(-239) mm. Germination Type C.
Cultures. Colonies 20-25 mm after 1 mo, in concentric rings of color: submerged hyphae olive-gray (2F2) in center to olive (2F8) with outermost ring(s) sparse and olive (2F8) to olive-yellow (2D8); aerial hyphae in center brownish-gray (6C2) and raised, with several thin rings of gray (6B1) out from center; reverse homogenous dark gray to black.
Host. Syncarpia glomulifera. Known distribution. New South Wales, Australia; common.
Notes. Mycosphaerella syncarpiae was found at numerous locations in native forests of Syncarpia glomulifera in northeastern NSW and also from specimens in herbarium DAR collected mostly from the Sydney region. These latter specimens had been examined by R.F. Park in 1983, who noted that they represented a distinct, undescribed species. Like our observations R.F. Park (in 1983) and J. Walker (in 1962) noted that leaf spots were similar to M. cryptica (especially in pseudothecial distribution) and ascospores were similar to M. nubilosa. During this study M. marksii was observed commonly on S. glomulifera throughout eastern NSW; however the asymmetrical apical cell of M. marksii ascospores (Carnegie and Keane 1994) clearly distinguishes this species from M. syncarpiae. No other species of Mycosphaerella have been reported from Syncarpia. Based on ascospore morphology and germination M. syncarpiae resembles several species of Mycosphaerella from Eucalyptus, including M. nubilosa, M. molleriana, M. crystallina, M. communis and M. ohnowa (Park and Keane 1982 , Crous 1998 , Crous et al 2004 . However M. syncarpiae can be distinguished from these latter species by its different pseudothecial distribution and distinctive cultural characteristics. Crous (1999) reviewed the species of Mycosphaerella from Myrtaceae (other than Eucalyptus) and reported seven species. Only one of these, M. angophorae, has been recorded in Australia where it occurs on Angophora bakeri in NSW. Mycosphaerella angophorae has slightly corky lesions, predominantly hypogenous pseudothecia and small, broadly ellipsoidal ascospores (Hansford 1957 , Crous 1999 , features that distinguish it from M. syncarpiae. Based on lesion type, pseudothecial distribution and ascospore morphology, M. syncarpiae is also distinct from the other species dealt with by Crous (1999) . In their examination of herbarium specimens from Queensland, Sivanesan and Shivas (2002) described 12 new species of Mycosphaerella from a range of hosts, including one from Myrtaceae, given the name M. melaleucoides from Melaleuca quinquenervia. Although ascospores of M. melaleucoides and M. syncarpiae are similar, the epigenous leaf spots and ascomata of M. melaleucoides help distinguish it from M. syncarpiae.
Mycosphaerella multiseptata Carnegie sp. nov.
FIGS. 19-25 MycoBank MB500744 Anamorph: not seen.
Etymology. Forming multiple septa in the spore body and germ tubes after 24 h germination.
Mycosphaerellae mexicanae in Eucalypto ascosporarum morphologia et modo germinationis subsimilis sed Angophora parasitica, coloniis in agaro lente crescentibus 5-6 mm post mensam unam et septis transverses numerosis in tubis germinationibus post 24 h.
Leaf spots on A. subvelutina: amphigenous, circular to irregular, single to confluent, 2-7 mm diam, yellow-brown becoming gray-brown on adaxial surface, yellow-brown to red-brown on abaxial surface, with prominent red-brown border; on A. costata: amphigenous, subcircular with irregular margins, bordered by veins, single to confluent, 3-12 mm diam, yellow-brown becoming gray-brown on adaxial surface, yellow-brown to red-brown on abaxial surface, with prominent red-brown border, often with anthocyanin pigmentation surrounding border. Pseudothecia on A. subvelutina: hypophyllous, scattered singly, immersed, black, globose, 75-100 mm; on A. costata: hypophyllous, in numerous clusters, immersed becoming erumpent, black, globose, 85-110 mm. Asci aparaphystae, fasiculate, bitunicate, subsessile, obovoid to broadly ellipsoid, straight to slightly incurved, 8-spored, 43-56 3 10-15 mm. Ascospores 2-3-seriate, overlapping, hyaline, straight, rarely curved, narrowly obovoid to fusiform with obtuse ends, medianly or unequally 1-septate, widest in middle of apical cell, mostly not constricted at septum, tapering to basal end, (12.5-)13.5-17(-19) 3 (3-)3.5-4.5 (-5) Ascospore germination on MEA after 24 h. Ascospores germinating from both ends, with germ tubes parallel to the long axis of the spore, spore body becoming 2-3-septate, spore darkening and becoming distorted with a prominent constriction at the ascospore septum; even though relatively short, germ tubes have many septa, occasionally producing secondary germ tubes; length of ascospore and germ tubes after 24 h (38-)58-71(-81) mm. This germination pattern most closely resembles Type E and Type H.
Cultures. Slow growing, reaching 5-6 mm diam in 1 mo; submerged hyphae olive (1F4), aerial hyphae olive-brown (4E5) with white patches.
Hosts. A. subvelutina, A. costata Known distribution. Native forests and amenity plantings in NSW, Australia; rare.
Notes. Based on symptoms and pseudothecia, this species on the two different host species initially was thought to represent two different taxa. On A. subvelutina leaf spots are mostly circular, while on A. costata they are subcircular to irregular. Pseudothecia on A. subvelutina are mostly scattered and immersed, and on A. costata they often are clustered and immersed to erumpent. However on both hosts ascospore morphology and germination patterns are the same and DNA sequence comparisons have shown that they are the same species of Mycosphaerella.
Mycosphaerella multiseptata differs from other species of Mycosphaerella from Eucalyptus based on a combination of host (Angophora), symptoms, ascospore morphology and ascospore germination pattern. It is most similar in ascospore morphology to M. mexicana; however ascospores of M. multiseptata become more constricted on germination and produce multiple germ tubes within the spore and germ tubes. Mycosphaerella marksii has been found on Angophora, as well as other Myrtaceae, but has different ascospore morphology and germination patterns (Carnegie and Keane 1994) to M. multiseptata. The only other species of Mycosphaerella found from Angophora, M. angophorae Hansf., can be distinguished from M. multiseptata by having smaller ascospores.
